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Effects of a regenerating matrix 
on the survival of birds in tropical forest 
fragments
Jared D. Wolfe1,2*, Philip C. Stouffer2,3, Richard O. Bierregaard Jr.2, David A. Luther2,4 and Thomas E. Lovejoy2,4
Abstract 
Background: Vast areas of lowland neotropical forest have regenerated after initially being cleared for agricultural 
purposes. The ecological value of regenerating second growth to forest-dwelling birds may largely depend on the 
age of the forest, associated vegetative structure, and when it is capable of sustaining avian demographics similar to 
those found in pristine forest.
Methods: To determine the influence of second growth age on bird demography, we estimated the annual survival 
of six central Amazonian bird species residing in pristine forest, a single 100 and a single 10 ha forest fragment, taking 
into consideration age of the surrounding matrix (i.e. regenerating forest adjacent to each fragment) as an explana-
tory variable.
Results: Study species exhibited three responses: arboreal, flocking and ant-following insectivores (Willisornis poecili-
notus, Thamnomanes ardesiacus and Pithys albifrons) showed declines in survival associated with fragmentation fol-
lowed by an increase in survival after 5 years of matrix regeneration. Conversely, Percnostola rufifrons, a gap-specialist, 
showed elevated survival in response to fragmentation followed by a decline after 5 years of regeneration. Lastly, 
facultative flocking and frugivore species (Glyphorynchus spirurus and Dixiphia pipra, respectively) showed no response 
to adjacent clearing and subsequent regeneration.
Conclusions: Our results in association with previous studies confirm that the value of regenerating forest surround-
ing habitat patches is dependent on two factors: ecological guild of the species in question and second growth age. 
Given the rapid increase in survival following succession, we suggest that the ecological value of young tropical forest 
should not be based solely on a contemporary snapshot, but rather, on the future value of mature second growth as 
well.
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Background
Bird populations in tropical forest fragments are often 
considered dynamic (i.e. subject to frequent turnover) 
relative to their counterparts in pristine forest (Laur-
ance et al. 2011). The dynamic nature of bird populations 
in forest fragments is in part governed by the condition 
of the surrounding habitat or matrix where presence of 
corridors, history of land-use, matrix age, and distance to 
source populations can determine the balance between 
extinction and persistence in forest fragments (Renjifo 
2001; Ewers and Didham 2006; Stouffer and Bierregaard 
2007; Sodhi et al. 2011; Wolfe et al. 2015). Matrix-medi-
ated changes in bird populations within forest fragments 
can occur rapidly, or unfold over longer periods of time, 
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as documented in the central Amazon (Stouffer et  al. 
2011; Wolfe et al. 2015).
At the Biological Dynamics of Forest Fragmentation 
Project (BDFFP) near Manaus, Brazil, the relationship 
between bird populations within fragments and the sur-
rounding matrix was measured over a 30-year period, 
where the fragmentation of pristine forest led to a rapid 
increase in bird capture rates, indicative of higher abun-
dance following isolation (Bierregaard and Lovejoy 1989). 
Increased capture rates probably reflect a “crowding 
effect” where birds sought refuge from deforestation by 
moving into remnant habitat patches (Bierregaard et  al. 
1992; Debinski and Holt 2000). After several months of 
elevated bird abundance, the number of captures in for-
est fragments declined, culminating in the disappearance 
of several species from fragments (Bierregaard and Love-
joy 1989; Bierregaard et  al. 1992). The pattern of rapid 
increase in abundance followed by decline within frag-
ments suggests that a formerly open system had become 
closed after clearing, thereby eliminating dispersal and 
expediting local extinction events. After years of matrix 
regeneration, many of the previously absent species not 
only returned to the fragments (Stouffer et  al. 2011), 
but also established themselves within adjacent second 
growth (Wolfe et al. 2015). Once established, these pio-
neering bird populations in fragments and second growth 
may be subject to source-sink dynamics where vulnerable 
species periodically perish and are subsequently replaced 
by individuals from higher quality habitats with higher 
survival and reproductive surpluses (Sodhi et  al. 2011). 
Clearly, the transition of Amazonian forest fragments 
from depauperate patches to potential sources may 
principally depend on the condition of the surrounding 
matrix (Renjifo 2001; Ewers and Didham 2006; Stouffer 
and Bierregaard 2007; Kennedy et al. 2010). The dynamic 
role of a developing matrix revealed at the BDFFP sug-
gests that bird survival in fragments is likely mediated 
by the matrix as well. Therefore, exploring critical links 
between the survival of tropical birds within forest frag-
ments and the condition of the surrounding matrix 
should be an essential focus of conservation biology in 
tropical forests.
To date, few studies have examined avian survival in 
forest fragments as a function of the condition of the 
surrounding matrix. One such study found that Oven-
bird (Seiurus aurocapillus) apparent annual survival in 
Canada was considerably lower (34%) in small fragments 
(> 15  ha) in an agricultural landscape than in forestry 
fragments (56%) and continuous forest (62%) (Bayne and 
Hobson 2002). Low apparent survival may have been 
driven by heightened dispersal out of the agricultural 
landscape, where birds incapable of successfully nest-
ing left the area (Bayne and Hobson 2002). Additionally, 
differences in apparent survival between treatments sug-
gest that edge effects, or changes in population dynam-
ics at the boundary of two  habitats, associated with a 
low-contrast forestry matrix did not yield as negative of 
an impact as those associated with a high-contrast agri-
cultural matrix (Bayne and Hobson 2002). Clearly, not 
all edge effects are equal: amount of contrast between 
matrix and habitat yield an asymmetrical influence on 
avian survival within forest fragments (Bayne and Hob-
son 2002). The asymmetrical influence of edge effects 
associated with fragmented landscapes has been impli-
cated in the decline of plant and animal populations 
throughout the globe (Debinski and Holt 2000). Thus, 
birds in fragments surrounded by a young matrix may 
be subject to the deleterious synergy of edge effects and 
dispersal limitation relative to fragments surrounded by 
mature matrix (Gilpin and Soulé 1986).
Deleterious edge effects and dispersal limitation may be 
particularly acute in tropical systems where insectivorous 
and flocking birds are often more sedentary, closely tied 
to forest-like characteristics, and sometimes incapable of 
dispersing long distances (Stouffer and Bierregaard 1995; 
Laurance et al. 2004; Sodhi et al. 2004; Moore et al. 2008). 
These sensitive tropical birds may avoid edges comprised 
of young second growth where heightened exposure 
to wind, sun, increased air temperature, increased soil 
temperature and storm damage can result in the death 
of trees they rely upon, as well as modifications to the 
microclimates they prefer (Saunders et  al. 1991; Cama-
rgo and Kapos 1995; Murcia 1995; Laurance and Curran 
2008). The cumulative threat of edge-induced mortality 
is meaningful; approximately half of the world’s tropical 
forests are degraded and in some stage of regeneration 
(Wright 2005). Thus, assessing the influence of matrix 
age and associated edge effects on tropical bird survival 
within habitat fragments is of critical importance. Here 
we used long-term capture data from a 10 and 100 ha for-
est fragment in the central Amazon to test the following 
hypothesis and prediction: if age and associated vegeta-
tive structure of the adjacent matrix influences survival 
of sensitive avian foraging guilds (flocking, arboreal 
insectivores and ant-followers), then survival estimates of 
sensitive foraging guilds will be positively associated with 
matrix age.
Methods
The study was conducted in terra firme Amazonian 
rainforest at the BDFFP, approximately 80  km north of 
Manaus, Brazil (Fig. 1). The BDFFP consists of 1, 10 and 
100 ha forest fragments as part of the largest and longest 
operating landscape fragmentation experiment on Earth 
(for a history of the project see Bierregaard 2001). Forests 
at BDFFP are characterized by nutrient poor soils, diverse 
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tree and canopy assemblages where the most abundant 
species of trees occur within several families: Lecythi-
daceae, Fabaceae, Sapotaceae and Burseraceae (Rankin-
de-Mérona et  al. 1992). Here, we used the BDFFP’s 
long-term bird banding database that encompasses data 
collected within fragments from 1979, before isolation 
occurred, through 1993. Mist-nets (12 m, 36 mm mesh), 
with the bottom trammel set at ground level, were used 
to capture birds. The number of nets differed among 
fragments; a single line of 16 nets was used in 10 ha frag-
ments, and three single lines of 16 nets were used in 
100  ha fragments. We considered one complete sample 
a single day of netting that began at 06:00 until 14:00 h. 
All captured birds except hummingbirds were banded 
with uniquely numbered aluminum bands, and then pro-
cessed to record weight, age, sex, wing chord, and body 
and flight feather molt. To ascertain the effects of matrix 
condition on avian survival, we only used data from 
fragments if sampling occurred during three discrete 
time periods: (1) pre-isolation, (2) less than 5  years of 
matrix regeneration, and (3) more than 5 years of matrix 
regeneration. Fragments that were only sampled during 
two time periods, pre-isolation and less than 5  years of 
matrix regeneration, were not used in the analysis. The 
amount of time between individual sampling events var-
ied over time; fragments were generally sampled at least 
every 6 weeks during the course of this study from 1979 
through 1992, although fragments were sampled more 
often for about 1  year before and after initial isolation 
(Stouffer et  al. 2006). In this study, we only used data 
from two fragments, a single 10 ha (Cidade Powell) and 
100  ha (Porto Alegre) fragment, that met our stringent 
data selection criteria based on: (1) at least three sam-
ples per year, (2) capture data from pre-isolation, < 5-year 
post-isolation, and > 5-year post-isolation periods, and 
(3) enough capture data for model convergence. We 
Fig. 1 Map of the Biological Dynamics of Forest Fragmentation Project (BDFFP) detailing “ranch areas” that were used in the project which include 
areas of continuous and secondary forest, and experimental forest fragments. The map also details history of fragment isolation from 1979 to 2011, 
location of access roads, and location of historic and contemporary mistnet locations. For our analysis, we used pre-and-post isolation bird capture 
data from a single 10 ha (Esteio) and 100 ha (Porto Alegre) fragment
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recognize that limiting bird captures to only two forest 
fragments reduced the exportability of our results; how-
ever, to reduce data heterogeneity, subsequent overdis-
persion, and promote model convergence, we prioritized 
data quality (relying on two fragments) over quantity 
(including additional fragments with poorer quality data).
We chose six study species based on their diverse 
ecological, dietary guilds (Table  1) and high number of 
captures/recaptures to ensure that we could examine 
the effects of matrix condition on survival. Three of our 
study species are characterized as a flock obligate, arbo-
real insectivore, or obligate ant-follower (Thamnomanes 
ardesiacus, Willisornis poecilonotus, and Pithys albifrons, 
respectively), ecological guilds associated with popula-
tion decline when subjected to forest fragmentation and 
degradation (Stouffer and Bierregaard 2007; Stouffer 
et al. 2011; Wolfe et al. 2015). Conversely, our other three 
study species, Dixiphia pipra, Glyphorynchus spirurus, 
Percnostola rufifrons, are associated with frugivory, fac-
ultatively joining flocks, and forest gaps, respectively, 
ecological guilds associated with resilience to forest frag-
mentation and degradation (Stouffer and Bierregaard 
2007; Stouffer et al. 2011; Powell et al. 2015; Wolfe et al. 
2015). Between 1979 and 2008, we captured 57,891 birds 
representing 183 species at BDFFP. Out of the 57,891 
individuals captured, 18,584 were individuals from one of 
our six study species, representing approximately 32% of 
the avian community documented via mist-net capture. 
Capture histories for each species were constructed by 
pooling all samples within a calendar year into a single 
occasion then grouping birds by fragment and transients. 
We defined transients as individuals that were only cap-
tured once within a single year and residents were birds 
captured more than once within a single year. Transient 
models can account for survival deflation because of 
floater individuals moving through the study area (Pradel 
et  al. 1997). We used Cormack-Jolly-Seber models in 
Program MARK (White and Burnham 1999) to estimate 
annual survival for each species where apparent survival 
(“φ”) and recapture probability (“p”) parameters jointly 
varied by time (“t” or year), time independence (“.” or no 
effect of year), group [“g”, which included fragment and 
transients (individuals separated into two groups: cap-
tured only once within a year, or captured more than 
once within a year)], and group-time interactions (g × t). 
To determine the influence of matrix condition on study 
species’ survival, we formulated linear time trends within 
Program MARK’s design matrix representative of two 
stages of matrix succession; time trends were calculated 
for each fragment’s unique isolation and re-isolation 
history: (1) pre-isolation, (2) less than 5 years of matrix 
regeneration, and (3) more than 5 years of matrix regen-
eration. We associated time trends (representative of 
Table 1 Candidate Cormack-Jolly-Seber models for  six 
central Amazonian bird species captured in 100 and 10 ha 
fragments, ranked by  Akaike Information Criterion  (AICc). 
Included for each model are  AICc weights (wi) and deviance
Model ΔAICc wi Deviance
Pithys albifrons In, Anf (239/535)
 φ (g-matrix) p (g × t) 0.00 1.00 124.29
 φ (g-matrix) p (t) 60.27 0.00 230.74
 φ (g-matrix) p (.) 93.48 0.00 282.94
 φ (t) p (t) 101.20 0.00 269.53
 φ (g-matrix) p (g) 104.46 0.00 272.79
 φ (g) p (g-matrix) 121.00 0.00 285.03
 φ (.) p (.) 130.59 0.00 346.68
 φ (g) p (g) 141.39 0.00 288.01
Thamnomanes ardesiacus In, Fob (112/265)
 φ (g-matrix) p (g × t) 0.00 1.00 279.68
 φ (g-matrix) p (t) 71.46 0.00 417.53
 φ (g-matrix) p (g) 104.08 0.00 452.29
 φ (g-matrix) p (.) 111.56 0.00 478.76
 φ (g) p (g) 134.45 0.00 458.90
 φ (t) p (t) 143.56 0.00 498.14
 φ (.) p (.) 170.02 0.00 572.07
 φ (g × t) p (g × t) 242.21 0.00 210.68
Willisornis poecilinotus In, Ar (176/524)
 φ (g-matrix) p (t) 0.00 1.00 491.81
 φ (g-matrix) p (g) 28.83 0.00 522.76
 φ (g-matrix) p (.) 72.87 0.00 583.59
 φ (t) p (t) 87.57 0.00 581.50
 φ (.) p (.) 161.86 0.00 703.25
 φ (g) p (g) 283.61 0.00 679.39
 φ (g × t) p (g × t) 846.28 0.00 261.75
 φ (g-matrix) p (g × t) 921.43 0.00 560.81
Dixiphia pipra Fr (344/496)
 φ (g-matrix) p (g × t) 0.00 1.00 265.58
 φ (g-matrix) p (t) 120.35 0.00 468.49
 φ (g-matrix) p (g) 137.43 0.00 485.57
 φ (g-matrix) p (.) 158.05 0.00 527.33
 φ (g) p (g) 164.25 0.00 490.77
 φ (t) p (t) 166.88 0.00 523.53
 φ (.) p (.) 214.47 0.00 618.59
 φ (g × t) p (g × t) 352.26 0.00 192.14
Glyphorynchus spirurus In, Fld (131/271)
 φ (g-matrix) p (g × t) 0.00 1.00 402.13
 φ (t) p (t) 99.56 0.00 665.64
 φ (g-matrix) p (t) 112.17 0.00 658.95
 φ (g-matrix) p (g) 140.44 0.00 678.51
 φ (g) p (g) 150.10 0.00 679.39
 φ (.) p (.) 164.72 0.00 780.39
 φ (g-matrix) p (.) 165.81 0.00 738.24
 φ (g × t) p (g × t) 712.77 0.00 261.75
Percnostola rufifrons In, Ga (79/129)
 φ (g-matrix) p (g × t) 0.00 1.00 213.23
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three levels of matrix growth) with the grouping variable 
(g-matrix) for the survival parameter only. Thus, each 
study species had a total of eight candidate a priori mod-
els (Table 1).
We evaluated model fit two ways: (1) testing for trap 
happiness/shyness, and (2) quantifying over-dispersion. 
Program RELEASE goodness-of-fit (GOF) was used to 
test for trap happy/shy individuals in program MARK 
(Cooch and White 2018). Program Release performs 
two separate GOF tests (three if comparing groups, 
which we did not): test 2 measures the probability that 
an individual known to be alive at occasion (i) is cap-
tured again depending on whether it was marked at or 
before occasion (i) and test 3 measures whether, among 
those animals captured again, does when they were seen 
depend on whether they were marked on or before occa-
sion (i) (Cooch and White 2018). Importantly, program 
RELEASE results are not unequivocal, and failure to 
reject the null hypothesis may reflect a lack of power to 
detect meaningful differences in net shyness. We calcu-
lated the over-dispersion factor (ĉ) for each species by 
dividing the deviance of each species’ global model by the 
deviance estimated via a boot-strapping goodness-of-fit 
routine (using 1000 iterations). Top models were selected 
if they were at least two Akaike information criterion 
 (AICc) values less than, and had fewer parameters relative 
to the next most competitive model (Arnold 2010). Tax-
onomy follows Remsen et al. (2011).
Results
From 1979‒1993 we recorded 1857 captures in the two 
experimental fragments representing 932 individual birds 
of the six study species (Table 1). The gap specialist, Perc-
nostola rufifrons, was the least frequently captured spe-
cies while the single frugivore and arboreal insectivore, 
Dixiphia pipra and Willisornis poecilonotus, were the 
most commonly captured species. Program RELEASE 
yielded non-significant values (p < 0.05) for models asso-
ciated with each study species, indicating no identifiable 
trap shyness. Additionally, models associated with each 
species yielded ĉ < 2, indicative of adequate overdisper-
sion. All six study species exhibited nearly the same top 
competitive model which included a grouping variable 
(fragment and transiency) and matrix condition (time 
trend representative of three stages of matrix regenera-
tion) associated with annual survival (Table  1). Recap-
ture probabilities in each top model included a group 
and time interaction (g × t) except for Willisornis poeci-
lonotus which yielded a time dependent recapture prob-
ability parameter (t). Top models were unequivocal (all 
∆AICc > 28) (Table  1) and ∆AICc > 128 from the null 
model (Table 1).
Our six study species exhibited three responses to 
matrix clearing and subsequent regeneration. The arbo-
real insectivore (Willisornis poecilonotus), obligate 
ant-follower (Pithys albifrons) and obligate flocking spe-
cies (Thamnomanes ardesiacus) all suffered a decline in 
apparent survival within the first 5  years after isolation, 
followed by a marginal recovery in the following 5-year 
period of matrix regeneration in both the 100  ha and 
10  ha fragments (Table  2). Conversely, the flock drop-
out (Glyphorynchus spirurus) and frugivore (Dixiphia 
pipra) showed virtually no change over the course of the 
study (Table 2). The gap specialist (Percnostola rufifrons) 
responded positively to isolation as demonstrated by an 
increase in survival within the first 5 years after isolation, 
followed by a slight decrease in apparent survival during 
the subsequent 5-year period of matrix regeneration in 
both the 100 ha and 10 ha fragments (Table 2).
Discussion
Bird populations in forest fragments are often subject to 
source-sink dynamics (Renjifo 2001; Ewers and Didham 
2006) where the condition of the surrounding matrix 
may tip the balance in favor of survival and reproductive 
surplus or population decline (Ewers and Didham 2006; 
Sodhi et  al. 2011). In this study we demonstrated that 
apparent survival of tropical birds residing in forest frag-
ments was closely associated with the condition of the 
adjacent matrix. As predicted, the flock obligate, arboreal 
insectivore and obligate ant-follower species (Pithys albi-
frons, Thamnomanes ardesiacus and Willisornis poeci-
lonotus) all exhibited reductions in apparent survival 
within the first five years after initial isolation (Fig.  2). 
The reduction in apparent survival coincided with their 
decreased abundance within fragments (Bierregaard 
and Lovejoy 1989). Considering these forest-dwelling 
insectivores are averse to crossing roads and clearings 
(Stouffer and Bierregaard 1995) we suspect that docu-
mented decreases in apparent survival do not represent 
a Foraging guild affiliation is denoted as follows: (In, Fob)—Insectivore, Flock 
Obligate; (In, Fld)—Insectvore, Flock-dropout; (In, Ar)—Insectivore, Arboreal; (In, 
Anf )—Insectivore, Ant-follower; (In, Ga)—Insectivore, Gap; (Fr)—Frugivore
b Numbers within parentheses refer to number of individuals and total captures, 
respectively
Table 1 (continued)
Model ΔAICc wi Deviance
 φ (g × t) p (g × t) 76.06 0.00 143.44
 φ (g-matrix) p (t) 108.46 0.00 372.28
 φ (g-matrix) p (.) 120.44 0.00 405.45
 φ (g-matrix) p (g) 121.45 0.00 385.28
 φ (t) p (t) 129.65 0.00 406.23
 φ (.) p (.) 136.66 0.00 458.60
 φ (g) p (g) 151.80 0.00 393.96
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dispersal events through a barren matrix, but rather sug-
gests reduction in actual survival. Potential reductions 
in survival may be a direct result of high-contrast edge 
effects where tree mortality, changes in insect commu-
nities, and changes in ambient soil and air temperature 
wielded negative forces on Thamnomanes ardesiacus, 
Pithys albifrons, and Willisornis poecilonotus residing in 
forest fragments.
Although young matrix was associated with lower sur-
vival among the flock obligate, arboreal insectivore and 
obligate ant follower species (Thamnomanes ardesiacus, 
Willisornis poecilonotus, and Pithys albifrons), we found 
the reverse effect with Percnostola rufifrons, the single 
gap specialist (Fig. 3). Percnostola rufifrons exhibited an 
increase in survival during the first five years after iso-
lation. Being a gap specialist, Percnostola rufifrons has 
acquired evolutionary adaptations to life on the edge. 
For example, Percnostola rufifrons is the only known 
Neotropical passerine to exhibit a third molt (the pre-
supplemental molt), within their first year of life (John-
son and Wolfe 2014, 2017); the insertion of an extra molt 
may mitigate the rigors of living in a potentially hostile 
environment by expediting the replacement of degraded 
plumage. Other adaptations associated with Percnostola 
rufifrons that have yet to be documented may also include 
an ability to forage on a diversity of arthropod communi-
ties associated with regenerating forest, edge, and mature 
forest. In addition to the three study species that exhib-
ited a decrease and one that exhibited an increase in sur-
vival relative to the condition of the surrounding matrix, 
two other species, Glyphorynchus spirurus and Dixiphia 
pipra, appeared to show only a negligible increase in 
survival when subjected to a young matrix; this finding 
supports previous work suggesting that Glyphorynchus 
spirurus does not avoid edge habitat (Powell et al. 2015).
We assert that the increase in survival for the gap spe-
cialist (Percnostola rufifrons) represents a real increase 
in survival associated with edge and regenerating forest 
habitats, or maybe a lack of competitors. We also assert 
that the static response of Glyphorynchus spirurus and 
Dixiphia pipra represents the resiliency of these spe-
cies to fragmented forests. Young regenerating tropical 
forest is dynamic and subject to more sun and vary-
ing levels of soil moisture than primary forest (Wolfe 
et  al. 2014). The combination of increased solar expo-
sure and oscillating periods of soil moisture can elevate 
Table 2 Apparent survival estimates for  resident birds (no transsients) with  standard errors for  six central Amazonian 
bird species captured in 100 and 10 ha fragments
Species and matrix age φ SE φ SE
Glyphorynchus spirurus 100 ha Fragment 10 ha Fragment
 Preisolation 0.63 0.13 0.38 0.16
  < 5-year matrix regeneration 0.65 0.11 0.41 0.15
  > 5-year matrix regeneration 0.64 0.11 0.39 0.15
Pithys albifrons 100 ha Fragment 10 ha Fragment
 Preisolation 0.69 0.14 0.71 0.12
  < 5-year matrix regeneration 0.45 0.09 0.47 0.06
  > 5-year matrix regeneration 0.57 0.11 0.60 0.07
Dixiphia pipra 100 ha Fragment 10 ha Fragment
 Preisolation 0.50 0.18 0.41 0.15
  < 5-year matrix regeneration 0.61 0.12 0.52 0.09
  > 5-year matrix regeneration 0.55 0.13 0.46 0.10
Percnostola rufifrons 100 ha Fragment 10 ha Fragment
 Preisolation 0.20 0.13 0.50 0.24
  < 5-year matrix regeneration 0.49 0.15 0.79 0.17
  > 5-year matrix regeneration 0.33 0.14 0.66 0.21
Thamnomanes ardesiacus 100 ha Fragment 10 ha Fragment
 Preisolation 0.74 0.11 0.58 0.18
  < 5-year matrix regeneration 0.63 0.07 0.45 0.19
  > 5-year matrix regeneration 0.69 0.08 0.51 0.18
Willisornis poecilinotus 100 ha Fragment 10 ha Fragment
 Preisolation 0.73 0.06 0.55 0.09
  < 5-year matrix regeneration 0.61 0.05 0.42 0.08
  > 5-year matrix regeneration 0.67 0.05 0.48 0.08
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Fig. 2 Apparent survival estimates with standard errors for three central Amazonian bird species captured in a 10 ha fragment. Survival varies as a 
function of age of the surrounding matrix. Foraging guild affiliation is denoted as follows: (In, Fob—Insectivore, Flock Obligate; (In, Ar)—Insectivore, 
Arboreal; (In, Anf )—Insectivore, Ant-follower
Fig. 3 Apparent survival estimates with standard errors for three central Amazonian bird species captured in a 10 ha fragment. Survival varies as a 
function of age of the surrounding matrix. Foraging guild affiliation is denoted as follows: (In, Fld)—Insectivore, Flock-dropout; (In, Ga)—Insectivore, 
Gap; (Fr, Co)—Frugivore, Core
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primary productivity (Brown and Lugo 1990) in regen-
erating tropical forest resulting in more insect and fruit 
resources for birds not adverse to foraging along edge 
(e.g. Glyphorynchus spirurus, Dixiphia pipra and Perc-
nostola rufifrons). These same regenerating tropical 
forests may also be water limited and highly unstable 
during droughts when fruits and insects become scarce 
(Wolfe et  al. 2015). Although our study indicated that 
Glyphorynchus spirurus, Dixiphia pipra and Percnos-
tola rufifrons may exhibit higher apparent survival near 
edge, previous studies suggest that bird populations in 
regenerating forest may be subject to boom-bust cycles 
as a result of precipitation regimes (Wolfe et  al. 2015; 
Ryder and Sillett 2016). We suggest that Glyphoryn-
chus spirurus, Dixiphia pipra and Percnostola rufifrons 
may be adapted to living with unstable resources unlike 
sensitive species, Pithys albifrons, Thamnomanes ard-
esiacus and Willisornis poecilonotus, which may be 
averse to foraging along edge and reliant on more stable 
resources found in continuous forest.
The influence of matrix age on the apparent survival 
of birds residing in Amazonian forest fragments is 
variable where young matrix was detrimental to for-
est dwelling species, beneficial to a gap specialist and 
inconsequential to others. Insectivorous birds that rely 
upon mature forest are of special conservation concern 
(Şekercioḡlu et  al. 2002), and our study suggests that 
young regenerating matrix (> 5 years) has less ecologi-
cal value than mature matrix for these sensitive species. 
However, each of the sensitive study species (Pithys 
albifrons, Thamnomanes ardesiacus and Willisornis 
poecilonotus) were found to readily disperse through 
and occupy older (25  years old) second growth (see 
Wolfe et  al. 2015). Thus, young regenerating matrixes 
should be viewed as having ecological value for certain 
species, while hosting unrealized potential for others.
Numerous hypotheses have been developed and 
tested—often equivocally—attempting to explain the 
sensitivity of insectivores and mixed-species flocks 
to forest degradation. These hypotheses include niche 
breadth, food scarcity, physiological constraints, vis-
ual constraints, increased nest failure, and acoustic 
and movement constraints (Canaday 1996; Stratford 
and Robinson 2005; Moore et  al. 2008; Robinson and 
Sherry 2012; Rutt et  al. 2019). Our study in associa-
tion with previous findings (Stouffer et al. 2011; Powell 
et al. 2015; Wolfe et al. 2015), suggests that many sensi-
tive birds residing in forest fragments will first exhibit 
increased metapopulation connectivity as the matrix 
regenerates, followed by the maturation of available 
territories within the matrix itself. Thus, the conserva-
tion value of tropical forest must not be solely based 
on a contemporary snapshot of available habitat, but 
rather the future ecological value of regenerating forest 
in human-dominated landscapes.
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